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UHIOHFWLRQRQWKHVDPSOHHGJH$WKLQOD\HURIXOWUDVRXQGJHO
ZDV SXW RQ WKH VDPSOH VXUIDFH WR VXSSUHVV VXUIDFH ULSSOH
DUWLIDFWV LQ2&7SKDVH LPDJH >@7KH6'2&7V\VWHP LQ
WKLV H[SHULPHQWZDVZRUNLQJ DW0% VFDQPRGH WR FDSWXUH
WKHSURSDJDWLRQRILQGXFHGPHFKDQLFDOZDYH
7KH WUDQVGXFHU GULYLQJ VLJQDO ZDV D  P9SS
FRQWLQXRXV VLQH ZDYH DW  0+] IRU +,)8 WUHDWPHQW
PRQLWRULQJ H[SHULPHQW DQG D P9SS EXUVW VLQHZDYH
)LJ ([SHULPHQWDO VHWXS 7KH +,)8 WUDQVGXFHU ZDV SXW XQGHUQHDWK WKH
VDPSOHWRFUHDWOHVLRQDQGJHQHUDWHVKHDUZDYHLQWKHVXSHUILFLDODUHDRIWKH
VDPSOH7KH6'2&7V\VWHPZDVSODFHGDERYHWKHVDPSOHWRPRQLWRU+,)8
WUHDWPHQWDQGFDSWXUHWKHSURSDJDWLRQRILQGXFHGPHFKDQLFDOZDYH
VLJQDO ZLWK  F\FOHV SHU SXOVH DW  0+] IRU RSWLFDO
FRKHUHQFHHODVWRJUDSK\H[SHULPHQW
7KH GDWDVHW DFTXLUHG IURP 2&7 V\VWHP IRU +,)8
WUHDWPHQWPRQLWRULQJH[SHULPHQWZDVD'VWUXFWXUHYROXPH
RI OHVLRQ DUHD7KH VL]HRI WKH ' YROXPHZDV SL[HO
GHSWKD[LDOî%VFDQV\D[LVî$VFDQV[D[LV
FRUUHVSRQGLQJWRWKHLPDJLQJDUHDRIPPGHSWKî 
PP \ D[LV î PP [ D[LV 7KH GDWDVHW DFTXLUHG IRU
RSWLFDO FRKHUHQFH HODVWRJUDSK\ H[SHULPHQW ZDV WKH VKHDU
ZDYH SURSDJDWLRQ DFURVV WKH OHVLRQ 2QH FRPSOHWH ZDYH
SURSDJDWLRQGDWDVHW0%VFDQZDVSL[HOGHSWKD[LDO
î  0VFDQV ODWHUDO î  $VFDQV WLPH IUDPHV
FRUUHVSRQGLQJ WR WKHPPîPPî PV GHSWKî
ODWHUDOGLVWDQFHî WLPH+RPHEXLOW/DE9,(:SURJUDPZDV
XVHG IRU DOO GDWD DFTXLVLWLRQ $PLUD DQG 0$7/$% ZHUH
HPSOR\HG IRU ' VWUXFWXUH GDWD DQGZDYH SURSDJDWLRQ GDWD
SRVWSURFHVVLQJ UHVSHFWLYHO\ 7KH HODVWRJUDP ZDV
UHFRQVWUXFWHG XVLQJ FURVVFRUUHODWLRQ EDVHG WLPHRIIOLJKW
PHWKRG>@
,,, 5(68/76 
7KH ' UHFRQVWUXFWLRQV RI ERYLQH OLYHU WLVVXH ZLWK DQG
ZLWKRXW +,)8 WUHDWPHQW DUH VKRZQ LQ WKH OHIW FROXPQ RI
)LJ$7KH VL]H RI UHFRQVWUXFWHG UHJLRQZDV PP î
PPOHQJWKîZLGWK7KHSURWUXGHGVDPSOHVXUIDFHZDV
FDXVHG E\ WKH DFRXVWLF UDGLDWLRQ IRUFH GXULQJ WKH +,)8
WUHDWPHQW ,W LV REYLRXV WKDW WKH +,)8 OHVLRQ H[SDQGV ZLWK
WKH LQFUHDVHRI+,)8 WUHDWPHQW WLPH7KH VL]HRI SURWUXGHG
OHVLRQLVGLUHFWO\HVWLPDWHGIURPWKH'UHFRQVWUXFWLRQVWREH
a PP a PP a PP IRU V V DQG V
+,)8WUHDWPHQWUHVSHFWLYHO\
7KH JUD\VFDOH 2&7 %PRGH VWUXFWXUH LPDJHV LQ WKH
PLGGOHRIQRUPDOWLVVXHDQGDWWKHOHVLRQFHQWUHDUHVKRZQLQ
WKHPLGGOHFROXPQRI)LJ$7KHOHVLRQDUHDVDUHGHQRWHG
E\ UHG FLUFOHV GDVKHG LQ WKHVH ILJXUHV 7KH FRUUHVSRQGLQJ
HODVWRJUDPV DUH VKRZQ LQ WKH ULJKW FROXPQ RI )LJ$ LQ
FRORXUVFDOH 7KH VWUXFWXUH LPDJHV FOHDUO\ VKRZV WKH
ERXQGDU\ RI OHVLRQ DUHD EULJKW DQG VXUURXQGLQJ QRUPDO
WLVVXH GDUN IRU GLIIHUHQW +,)8 WUHDWPHQW WLPH 7KH
LQFUHDVLQJWUHQGRI2&7VLJQDOLQWHQVLW\DQGOHVLRQVL]HZLWK
WKH LQFUHDVHRI+,)8 WUHDWPHQW WLPH LV DOVR VKRZQ LQ WKHVH
VWUXFWXUH LPDJHVZKLFK DJUHHVZHOOZLWK WKH FRUUHVSRQGLQJ
HODVWRJUDPVRQWKHULJKW
7KHDYHUDJH2&7VLJQDOLQWHQVLW\GHSWKFXUYHLQQRUPDO
WLVVXH DQG+,)8 OHVLRQ VKRZQ LQ )LJ % LQ OLQHDU VFDOH
DQG)LJ&LQORJVFDOHZDVREWDLQHGE\DYHUDJLQJ$OLQHV
DFURVV QRUPDO WLVVXH DQG OHVLRQ DUHD 7KH 2&7 VLJQDO
LQWHQVLW\ LQFUHDVHV OLQHDUO\ IRU +,)8 WUHDWPHQW WLPH RI V
QRUPDOWLVVXH WRVIRUVWR
 IRU V EXW RQO\ LQFUHDVHV VOLJKWO\ DIWHU V ZKLFK
PHDQV WKH VFDWWHULQJ FRHIILFLHQW RI WKH VDPSOH OHVLRQ DUHD
VWDUWV WR UHDFK LWV XS OLPLW DIWHU V )LJ' $IWHU
FRQYHUWLQJ 2&7 VLJQDO LQWHQVLW\GHSWK FXUYH IURP OLQHDU
VFDOHWRORJVFDOH WKH2&7VLJQDODWWHQXDWLRQUDWLRFRXOGEH
REWDLQHGE\ILWWLQJWKHOLQHDUSDUWRQWKHFXUYHWRDOLQH7KH
2&7VLJQDODWWHQXDWLRQUDWLRVDPSOHDWWHQXDWLRQFRHIILFLHQW
RQO\LQFUHDVHVDOLWWOHIURPQRUPDOWLVVXHWRVOHVLRQGXHWR
VPDOOVL]HRIWKHOHVLRQ+RZHYHULWLQFUHDVHVOLQHDUO\IRUV
OHVLRQ WR V OHVLRQ IURP  G%PP WR  G%PP
)LJ' ZKLFK DOVR UHGXFH WKH SHQHWUDWLRQ GHSWK LQ WKH
VDPSOHDIWHU+,)8WUHDWPHQWIRUORQJHUWLPH)LJ&
,9 ',6&866,21
,Q RXU H[SHULPHQWDO VHWXS WKH GULYLQJ VLJQDO RI +,)8
WUDQVGXFHU IRU WUHDWPHQW ZDV D  P9SS FRQWLQXRXV
VLQHZDYH VLJQDO DW  0+] 7KH FRUUHVSRQGLQJ VSDWLDO
DYHUDJH WLPHDYHUDJH DFRXVWLF LQWHQVLW\ DW WKH IRFDO SODQH
ZDVFDOFXODWHGWREH:FPZKLFKZDVKLJKHQRXJKIRU
WKHUDSHXWLF SXUSRVH +RZHYHU WKH GULYLQJ VLJQDO RI +,)8
WUDQVGXFHUIRUJHQHUDWLQJVKHDUZDYHZDVDP9SSEXUVW
VLQHZDYHVLJQDOZLWKF\FOHVSHUSXOVHDW0+]7KH
FRUUHVSRQGLQJVSDWLDOSHDNWHPSRUDODYHUDJHLQWHQVLW\DW WKH
IRFDO SODQH ZDV FDOFXODWHG WR EH RQO\  P:FP ZKLFK
ZDV PXFK OHVV WKDQ WKH W\SLFDO GLDJQRVWLF XOWUDVRXQG
LQWHQVLW\ RI  P:FP DFFRUGLQJ WR 8QLWHG 6WDWHV )RRG
DQG 'UXJ $GPLQLVWUDWLRQ 86)'$ UHJXODWLRQV >@
%HVLGHV WKH PD[LPXP +,)8 WUHDWPHQW WLPH HPSOR\HG LQ
WKLV H[SHULPHQW ZDV RQO\  VHFRQGV 7KLV LV EHFDXVH WKH
WLVVXH KDV DOUHDG\ EHHQ EXUQHG WKURXJK LQ WKH FHQWHU RI V
OHVLRQ)LJ$ZKLFKPHDQVWKHVDPSOHKDVDOUHDG\EHHQ
RYHUWUHDWHG
7KHPD[LPXPSHQHWUDWLRQGHSWKRI6'2&7LVLQERYLQH
OLYHUWLVVXHLVRQO\aP)LJ$+HQFHWKHSRWHQWLDO
DSSOLFDWLRQVRI WKLVWHFKQLTXHDUH OLPLWHG WRRQO\VXSHUILFLDO
DUHD RI KXPDQ ERG\ +RZHYHU 2&7 QHHGOH SUREH KDV WKH
IOH[LELOLW\ WR EH LQVHUWHG LQWR WKH UHJLRQ RI LQWHUHVW IRU
LQVSHFWLRQ ZKLFK FRXOG EH WKH SRWHQWLDO VROXWLRQ IRU
µH[WHQGLQJ¶ WKH SHQHWUDWLRQ GHSWK RI 3K62&7 &RPELQHG
ZLWK 2&7 QHHGOH SUREH WKH SURSRVHG PHWKRG DOVR KDV D
ODUJH SRWHQWLDO WR EH XVHG IRU KLJKSUHFLVLRQGHPDQGHG
GLVHDVHV WUHDWPHQWPRQLWRULQJ LQVLGH WKHERG\ HJ QHUYRXV
GLVHDVHWUHDWPHQW
9 &21&/86,21
7KH IHDVLELOLW\RIPRQLWRULQJ+,)8 WUHDWPHQWXVLQJRSWLFDO
SURSHUW\ FKDQJH RI ELRORJLFDO VRIW WLVVXH ZDV H[SORUHG LQ
WKLV VWXG\7KH SURSRVHGPHWKRGZDV GHPRQVWUDWHG RQ H[
YLYR ERYLQH OLYHU WLVVXH 7KH OLYHU WLVVXH ZDV WUHDWHG DW
GLIIHUHQW+,)8 GRVH VDPH HQHUJ\ OHYHO IRU V V V DQG
V7KH'VWUXFWXUHYROXPHDQGHODVWRJUDPZHUHDFTXLUHG
LQWKHOHVLRQDUHDDIWHU+,)8WUHDWPHQW7KH2&7VWUXFWXUH
LPDJHVFOHDUO\VKRZWKHERXQGDU\RI+,)8OHVLRQDUHDDQG
VXUURXQGLQJ QRUPDO WLVVXH HYHQ IRU V WUHDWPHQW WLPH
ZKLFKDJUHHZHOOZLWKWKHHODVWRJUDSK\UHVXOWV7KHDYHUDJH
2&7VLJQDOLQWHQVLW\DQG2&7VLJQDODWWHQXDWLRQUDWLRLQWKH
OHVLRQ DUHD JURZV DV WKH WUHDWPHQW WLPH LQFUHDVHV 7KH
SURSRVHGPHWKRG KDV D ODUJH SRWHQWLDO WR EH XVHG IRU UHDO
WLPH +,)8 WUHDWPHQW PRQLWRULQJ IRU GLVHDVHV LQ WKH
VXSHUILFLDO DUHD RI WKH WLVVXH &RPELQHG ZLWK 2&7 QHHGOH
SUREH LW DOVR KDV D ODUJH SRWHQWLDO WR EH XVHG IRU KLJK
SUHFLVLRQGHPDQGHG GLVHDVHV WUHDWPHQW PRQLWRULQJ LQVLGH
WKHERG\HJQHUYRXVGLVHDVHWUHDWPHQWPRQLWRULQJ

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